The objectives were to compare estimates of variance components, genetic parameters, 10 prediction accuracies, and rankings of bulls for semen volume (VOL), number of sperm (NS), 11 and motility (MOT) using genomic-polygenic (GPRM) and polygenic repeatability models 12 (PRM). The dataset comprised 13,535 VOL, 12,773 NS, and 12,660 between GPRM and PRM estimated breeding values (EBV) were high for all traits. The 26 similarity between GPRM and PRM results suggested that SNP data from the small number of 27 genotyped animals had a minimal impact on genetic predictions in this population. 28
Introduction 31
Artificial insemination (AI) is an essential technique for genetic improvement of milk 32 production traits in Thailand dairy population. Holstein frozen semen from countries with high-33 producing Holstein populations (Canada, USA, Australia, Japan; Department of Livestock 34 Development, 2015) has been introduced to genetically improve these traits in Thailand. 35 Crossbreeding was initially used to combine the high milk producing capacity of Holstein with 36 the desirable fertility and tropical adaptability of local cattle. These crossbred animals, however, 37
could not produce enough milk to meet Thailand's demand. Thus, a national upgrading system 38 was implemented to produce animals with a greater Holstein percentage breeding while 39 retaining tropical adaptability. Both purebred and crossbred Holstein sires were used. The 40 outcome of this mating system was a multi-breed dairy population composed of animals of a 41 variety of percentages of Holstein and various other breeds (Brown Swiss, Jersey, Red Dane, 42
Brahman, Red Sindhi, Sahiwal and Thai Native; Koonawootrittriron et al., 2009) . 43
Semen traits are economically important for dairy producers because female AI 44 conception rates are highly dependent on semen quantity and quality (Swanson and Herma, 45 1944; Seidel and Schenk, 2008) . Quantity and quality of semen are assessed through semen 46 volume (VOL), number of sperm (NS), and motility (MOT). Heritabilities for these traits ranged 47 from moderate to high and the genetic correlations ranged from low to high in temperate regions 48 (Taylor et is neither a genomic-polygenic nor a polygenic evaluation for semen traits in the Thailand dairy 50 multi-breed populations. There, however, is historical information available on VOL, NS, and 51
MOT at the Semen Production and Dairy Genetic Evaluation Center of the Dairy Farming 52
Promotion Organization of Thailand (DPO). This information could be used to obtain the 53 estimates of variance components and genetic parameters needed to predict genetic values and 54 rank sires for selection and mating purposes. Further, assessing the impact of genomic 55 non-Holstein fractions were composed of various percentages of other breeds (Brown Swiss, 81
Jersey, Red Dane, Brahman, Red Sindhi, Sahiwal and Thai Native breeds; Koonawootrittriron 82 et al., 2009 ). Young bulls were trained for semen collection when bulls were between 10 and 18 83 mo of age. Semen was collected to produce frozen semen when bulls were older than 18 mo, 84 once a week for bulls younger than 60 mo, and twice a week for bulls 60 mo or older. Semen 85 continued to be collected from each bull until 25,000 doses of frozen semen were produced or 86 The GPRM and PRM variance and covariance components for VOL, NS, and MOT 167 were estimated by restricted maximum likelihood (REML) using an Average-Information 168 algorithm with program AIREMLF90 (Tsuruta, 2014) . Priors for genetic, permanent 169 environmental, and residual variances were estimated using single-trait analyses with the same 170 GPRM and PRM models described above. Priors for covariances were set to 10 -5 . GPRM and 171 PRM heritabilities and repeatabilities for VOL, NS, and MOT as well as genetic, permanent 172 environmental, temporary environmental, and phenotypic correlations among these traits were 173 computed using the corresponding GPRM and PRM variance component estimates. 174 175
Estimation of genomic-polygenic and polygenic breeding values and rank correlations 176
Estimated breeding values (EBV) for VOL, NS, and MOT for all animals were obtained 177 with the three-trait GPRM and PRM described above using variance components obtained at 178 convergence for each model. Accuracies of EBV were calculated as ( √ 1 − / 2 ) * 100, 179
where PEV was the prediction error variance and 2 was the REML estimate of the additive 180 genetic variance. Associations between rankings of bull EBV for VOL, NS, and MOT computed 181
with GPRM and PRM were tested using Spearman's rank correlations using the Correlation 182 procedure of SAS (SAS, 2011). Spearman rank correlations between GPRM and PRM EBV for 183 the three semen traits were computed for the top 5% (n = 7), 10% (n = 11), 15% (n = 17), 20% 184 (n = 24), all bulls (n = 131), and only genotyped bulls (n = 61) to assess changes in rank at 185 various prediction levels. 186 187
Results and discussion 188

Heritabilities and repeatabilities 189
Estimates of additive genetic, permanent environmental, temporary environmental, and 190 phenotypic variance and covariances for VOL, NS, and MOT from genomic-polygenic 191 repeatability model (GPRM) and polygenic repeatability model (PRM) are reported in Table 2.  192 Estimates of additive genetic, permanent environmental, temporary environmental and 193 phenotypic variances were similar across models. The GPRM additive genetic variances were 194 2.3% less, permanent environmental variances were 6.0% greater, temporary environmental 195 variance were 5.5% greater, and phenotypic variances were 3.8% greater than those from PRM. 196
These GPRM and PRM variance components resulted in slightly lesser values of heritabilities 197 (-2.1%) and repeatabilities (-4.7%) for GPRM than for PRM (Table 3) in the present study indicated that this trait was affected to a greater extent by environmental 228 factors (housing, nutrition, climate, health care) than the other two traits. All three traits, 229 however, could be included in selection programs to improve semen traits in this population 230 (greater selection responses would be expected for MOT and NS than for VOL). Selection for 231 these traits would be expected to positively affect bull fertility and semen production in the DPO 232 population. Further, selection of AI bulls based on genetic capacity to produce semen may also 233 lead to increases in the number of doses of frozen semen per bull (Mathevon et al., 1998a) . 234
Repeatabilities for semen traits from GPRM and PRM were of a pattern similar to that 235 of heritabilities for VOL, NS, and MOT, however, values were greater due to the contribution 236 of permanent environmental variances (Table 3) Repeatability values indicated that MOT would be more similar across semen samples of a bull 250 than NS and VOL, and that temporary environmental effects (seasonal changes, management, 251 nutrition) had a greater influence on these traits than additive genetic and permanent 252 environmental effects. This emphasizes the desirability of collecting several records per bull to 253 decrease temporary environmental effects and help improve EBV accuracies for these traits. 254 255
Additive genetic, permanent environmental, and phenotypic correlations 256
Estimates of additive genetic, permanent environmental, temporary environmental, and 257 phenotypic covariances for VOL, NS, and MOT from GPRM and PRM are shown in Table 2 , 258 and the corresponding correlations are presented in Table 3 . The GPRM additive genetic 259 covariances between VOL and NS, and NS and MOT were 12.6% less, permanent 260 environmental covariance were 17.5% greater, temporary environmental correlations were 261 9.1 % greater, and phenotypic correlations were 5.9 % greater than those from PRM. Additive 262 genetic, permanent environment, temporary environment, and phenotypic correlations between 263 VOL and MOT were close to zero. Differences between GPRM and PRM correlations between 264 VOL and NS, and between NS and MOT were of a similar pattern as differences between 265 covariances. GPRM additive genetic correlations between VOL and NS, and NS and MOT 266 were 12.2% less than PRM, GPRM permanent environmental correlations were 13.7% greater 267 than PRM, GPRM temporary environmental correlations were 2.8% greater than PRM, and 268 GPRM phenotypic correlations were 1.6% greater than PRM (Table 3) . 
Accuracies and animal rankings 294
The EBV accuracies for VOL, NS, and MOT computed with GPRM and PRM are shown 295 in Fig. 1 for all bulls (n = 131) and only for genotyped bulls (n = 61) in Figure 2 . Mean EBV 296 accuracies for all bulls tended to be greater for NS (82% for GPRM and 84% for PRM), followed 297 by MOT (83% for GPRM and 79% for PRM), and the least accurate were those for VOL (70% 298 for GPRM and 73% for PRM). Similarly, the greatest mean EBV accuracies for genotyped bulls 299 only were those for NS (84% for GPRM and 84% PRM), followed by those for MOT (84% for 300 GPRM and 82% for PRM), and lastly those for VOL (74% for GPRM and 73% for PRM). Mean 301 GPRM EBV accuracies for only genotyped bulls were slightly greater than those for all bulls 302 (84% compared with 82% for NS, 84% compared with 83%, and 74% compared with 73% for 303 VOL). Mean GPRM EBV accuracies for all bulls were either slightly less (-2% for VOL and -304 3% for NS) or slightly greater (4% for MOT) than mean PRM EBV accuracies, whereas mean 305 GPRM EBV accuracies for only genotyped bulls were either slightly greater than (1% for VOL 306 and 2% for MOT) or equal to (for NS) mean PRM EBV accuracies. 307
Prediction accuracies for semen traits were unavailable in the literature. The comparable 308 GPRM and PRM EBV accuracies in the present study are not consistent with the greater EBV 309 accuracies obtained for genomic-polygenic relative to polygenic models for milk production 310 traits in the Thailand dairy multi-breed population (5.2% to 7.2%; Jattawa et al. Table 4 contains Spearman rank correlations between GPRM and PRM EBV rankings 320 for VOL, NS, and MOT in the top 5% (n = 7), 10% (n = 11), 15% (n = 17), 20% (n = 24), all 321 bulls (n = 131), and only genotyped bulls (n = 61). Rank correlations between GPRM and PRM 322 EBV for all bulls were slightly greater for NS (0.99) than for VOL and MOT (0.97). Rank 323 correlations for bulls in the top 5%, 10%, 15%, 20%, and only genotyped bulls tended to be 324 greater for NS than for VOL and MOT. Rank correlations between GPRM and PRM EBV across 325 traits ranged from 0.83 to 0.96 in the top 5% of bulls, from 0.90 to 0.98 in the top 10%, from 326 0.85 to 0.93 in the top 15%, from 0.84 to 0.91 in the top 20%, and from 0.94 to 0.99 for only 327 genotyped bulls. Rank correlations between GPRM and PRM EBV all bulls were more similar 328 to those for only genotyped bulls than those for bulls in the top 5%, 10%, 15%, 20%, perhaps 329 largely due to the greater percentage of bulls represented in these two groups of bulls as 330 compared with the other four groups. These rank correlations indicated that the selection 331 response would be largely similar when choosing bulls based on GPRM and PRM EBV 332 rankings. As the number of genotyped animals increases in future years, however, differences 333 between GPRM and PRM EBV for semen traits will likely become larger and favor the use of 334 GPRM, making it the model of choice to optimize genetic progress for these traits in the DPO 335 population. Further research with larger phenotypic, pedigree, and genotypic information needs 336 to be conducted to verify these aspects as results may differ with additional future information. 337 338
Conclusions 339
Genomic-polygenic and polygenic repeatability models yielded comparable estimates of 340 variance components and genetic parameters (heritabilities, repeatabilities, correlations). Mean 341 GPRM EBV accuracies for all bulls were either slightly lesser or greater, but for only genotyped 342 bulls were these either greater or equal to PRM EBV accuracies. Rank correlations between 343 EBV from genomic-polygenic and polygenic repeatability models were high for all traits, 344 indicating that selection response with both models would be similar. As genotypic information 345 accumulates over time, however, the accuracy of genomic-polygenic EBV as well as selection 346 response are expected to increase, making it the model of choice for the DPO population. 347 Druet, T., Fritz, S., Sellem, E., Basso, B., Gerard, O., Salas-Cortes, L., Humblot, P., Druart, 377 
